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Abstract 

Background: Cancer pain severely limits function and significantly reduces quality of life. Subtypes of sensory 
neurons involved in cancer pain and proliferation are not clear. 

Methods: We produced a cancer model by inoculating human oral squamous cell carcinoma (SCC) cells into the 
hind paw of athymic mice. We quantified mechanical and thermal nociception using the paw withdrawal assays. 
Neurotoxins isolectin B4-saporin (IB4-SAP), or capsaicin was injected intrathecal^ to selectively ablate IB4(+) neurons 
or TRPV1(+) neurons, respectively. JNJ-1 720321 2, a TRPV1 antagonist, was also injected intrathecally. TRPV1 protein 
expression in the spinal cord was quantified with western blot. Paw volume was measured by a plethysmometer 
and was used as an index for tumor size. Ki-67 immunostaining in mouse paw sections was performed to evaluate 
cancer proliferation in situ. 

Results: We showed that mice with SCC exhibited both mechanical and thermal hypersensitivity. Selective ablation 
of IB4(+) neurons by IB4-SAP decreased mechanical allodynia in mice with SCC. Selective ablation ofTRPV1(+) 
neurons by intrathecal capsaicin injection, or TRPV1 antagonism by JNJ-1 720321 2 in the IB4-SAP treated mice 
completely reversed SCC-induced thermal hyperalgesia, without affecting mechanical allodynia. Furthermore, TRPV1 
protein expression was increased in the spinal cord of SCC mice compared to normal mice. Neither removal of 
IB4(+) orTRPV1(+) neurons affected SCC proliferation. 

Conclusions: We show in a mouse model that IB4(+) neurons play an important role in cancer-induced mechanical 
allodynia, while TRPV1 mediates cancer-induced thermal hyperalgesia. Characterization of the sensory fiber subtypes 
responsible for cancer pain could lead to the development of targeted therapeutics. 
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Background 

Cancer patients in pain suffer with a poor quality of life. 
Approximately 75% to 90% of patients with advanced 
cancer have pain that is particularly difficult to treat as 
there is no effective analgesic available in treating in- 
tractable cancer pain [1,2]. 

One strategic approach to cancer pain drug develop- 
ment is targeted therapy against subtypes of nociceptors 
that control specific sensory modalities. C-nociceptors, are 
a heterogeneous population of neurons that are broadly 
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divided into two subclasses. The peptidergic class does not 
bind isolectin B4 (IB4), but expresses TRPV1, nerve 
growth factor (NGF) receptor TrkA, and neuropeptides 
such as calcitonin gene-related peptide (CGRP) and sub- 
stance P (SP) [3,4]. The second subtype is nonpeptidergic 
neurons, which binds IB4, expresses glial cell-derived 
neurotrophic factor (GDNF) receptors and P2X3 recep- 
tors, and has poor expression of SP and CGRP [5-8]. In 
the spinal cord, IB4(+) neurons terminate predominandy 
in inner lamina II whereas IB4(-) neurons terminate in 
lamina I and outer lamina (II) [3,9]. The distinct neuro- 
chemical and anatomical characteristics of the two subsets 
lead some researchers to hypothesize that they have dif- 
ferent functional properties in conveying nociceptive 
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information [10-14]. Recently, it has been proposed 
that nonpeptidergic IB4(+) neurons and the peptidergic 
TRPV1(+) neurons represent two parallel neuronal 
pathways that selectively control mechanical and ther- 
mal pain, respectively [10,12]. However, many other 
studies did not find complete segregation between the 
IB4(+) and TRPV1(+) neurons in mechanical vs. ther- 
mal pain [15-18]. Some authors also hypothesized that 
the two neuronal populations serve different functions 
in pathological pain conditions with IB4(+) neurons 
specifically contributing to neuropathic pain while 
the TRPV1(+) neurons contribute to inflammatory 
pain [19,20]. 

The differential involvement of IB4(+) and TRPV1(+) 
neurons in cancer pain has not been well-characterized. 
Our previous studies have demonstrated that the SCC 
microenvironment contains high levels of NGF, which 
mediates both mechanical and thermal nociception in 
mouse models of SCC [21,22]. NGF is known to upre- 
gulate and sensitize TRPV1 [23-26]. Indeed, TRPV1 ex- 
pression is upregulated in neurons of mouse and rat 
models of cancer [18,27,28]. TRPV1 also has been 
shown to mediate both mechanical and thermal nocicep- 
tion in a rat model of SCC [28]. In our mouse SCC 
supernatant model (i.e. injection of SCC supernatant 
into the hind paw of a naive animal), mechanical allody- 
nia is mediated by IB4(+) and NGF-responding neurons, 
whereas thermal hyperalgesia is mediated exclusively by 
NGF-responding neurons [22]. While the supernatant 
model is useful for studying the effect of secretory prod- 
uct from cancer cells on putative nociceptors, the effect 
of supernatant is short-lasting and does not fully mimic 
the cancer microenvironment. The specific roles of 
IB4(+) and TRPV1(+) neurons in the cancer microenvir- 
onment and their contribution to cancer pain need to be 
determined. 

In addition to their role in cancer pain, neurons could 
also promote cancer progression [29,30]. Perineural inva- 
sion, a process by which cancer cells invade and proliferate 
within the nerve, is seen frequently in oral SCC [31-33]. 
Neurotransmitters released by the autonomic nervous sys- 
tem, modulate proliferation, apoptosis, angiogenesis, and 
metastasis [29]. Both surgical and chemical sympathec- 
tomy can suppress tumor growth and invasiveness [34,35]. 
A recent study shows that SP(+) neurons promote cancer 
proliferation and migration [36], suggesting that sensory 
neurons could also contribute to the process of cancer 
development. 

Based on the above studies, we hypothesize that non- 
peptidergic IB4(+) and peptidergic TRPV1(+) neurons 
play differential roles in cancer pain and proliferation. 
To test this hypothesis, we employ specific neurotoxins 
to ablate, and pharmacological agents to selectively 
antagonize, IB4(+) and TRPV1(+) neurons. 



Methods 

Cell culture 

The human oral SCC cell line, HSC-3 (ATCC, Manassas, 
VA) was cultivated in Dulbecco's Modification of Eagle's 
Medium (DMEM) with 4.5 g/L glucose, 1-glutamine and 
sodium pyruvate, supplemented with 10% fetal bovine 
serum, 25 ug/mL fungizone, 100 ug/mL streptomycin 
sulfate, and 100 U/mL penicillin G. 

Experimental animals 

34 female athymic, immunocompromised BALB/c mice 
(6-8 weeks old, Charles River Laboratories, Hollister, CA) 
were used in this study. Mice were exposed to a 12 hour 
light-dark cycle and kept in a temperature-controlled 
room with food and water ad libitum. All procedures were 
approved by the New York University Institutional Animal 
Care and Use Committee. 

Intrathecal administration of drugs 

Intrathecal injection of either IB4-SAP or capsaicin de- 
stroys central terminals of IB4(+) and TRPV1(+) neu- 
rons in the spinal cord and eventually kills the cell 
bodies of these two populations in the DRGs as pre- 
viously reported [10,22,37-40]. We observed more than 
50% reduction in IB4 immunopositivity in the spinal 
cord 2 weeks after IB4-SAP treatment [22]. All mice re- 
ceived intrathecal injection of drugs while anesthetized 
with 2.5% isoflurane. Drugs were delivered into the sub- 
arachnoid space between the L4 and L5 vertebrae in the 
spinal cord via a 10 ul Hamilton syringe. 1.53 mM IB4- 
saporin (IB4-SAP, 53% saporin/mole IB4) or 0.81 mM 
saporin (SAP, Advanced Targeting Systems, San Diego, 
CA) was diluted with PBS to a total volume of 8 ul, and 
were injected 2 weeks before SCC cell inoculation; as 
SAP has no method of cell entry on its own and does 
not change thermal or mechanical behaviours compared 
to naive mice [22], it was used as a control. Capsaicin 
(4 mM, Sigma Aldrich, St. Louis, MO), or vehicle (10% 
ethanol, 10% Tween 80, 80% saline) at a volume of 8.0 ul 
was injected 3 weeks post SCC inoculation (day 19). The 
TRPV1 antagonist JNJ-17203212 (30 uM in 8 ul 5% 
DMSO and 95% PBS, Sigma Aldrich, St. Louis, MO), or 
vehicle was injected intrathecally at week 5 after SCC 
inoculation. 

Mouse cancer model 

A paw SCC mouse model was used because paw with- 
drawal is the gold standard for quantifying mechanical 
and thermal behaviors, and because of technical chal- 
lenges with the behavioral measurement and tumor size 
monitoring in the oral region [21]. After recording base- 
line behavior measurements, mice were injected with 
10 6 HSC-3 cells in a 50 ul vehicle consisting of a mixture 
of DMEM and Matrigel™ (Becton Dickinson & Co., 
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Franklin Lakes, NJ) into the plantar surface of the right 
hind paw. 

Paw volume measurement 

Paw volume measurement was performed with a plethysm- 
ometer (IITC Life Sciences, Woodland Hills, CA) and 
taken as an index for tumor growth. Triplicate measure- 
ments were taken for each time point. 

Behavioral testing 

Mechanical allodynia was quantified using an electronic 
von Frey anesthesiometer (IITC Life Sciences, Woodland 
Hills, CA). The withdrawal threshold was defined as the 
force (g) sufficient to elicit a withdrawal response. Six 
measurements were taken for each animal and the mean 
was used as threshold for each animal at each time 
point. Thermal hyperalgesia was measured using a paw 
thermal stimulator (IITC Life Sciences, Woodland Hills, 
CA). Mice were placed in a plastic chamber on a heated 
glass surface (25°C). A radiant heat source was focused 
on the hind paw and latency to withdraw was measured 
as the average of 6 trials per animal taken > 5 minutes 
apart. The cut-off latency was set at 20 seconds to avoid 
tissue damage. Behavioral tests were performed at 
2 weeks following IB4-SAP injection right before SCC 
inoculation (baseline), at post inoculation week 2 (day 
11) and week 4 (day 25). At post inoculation week 5 
(day 32), the behavioral measurement was taken 30 min 
after drug administration. The observer was blinded to 
treatment groups in all behavioral experiments. The 
mean of mechanical thresholds or thermal latency for 
each group of animals was compared at each individual 
time point. No group differences were found at baseline 
for both mechanical and thermal assays. 

Euthanasia and tissue processing 

Mice were euthanized with isoflurane and perfused 
transcardially with 0.1 M phosphate buffer saline (PBS) 
at week 5 following SCC inoculation. The lumbar sec- 
tion of the spinal cord was dissected, snap-frozen in li- 
quid nitrogen and stored at -80°C. Hind paws were 
removed, post-fixed in 4% formaldehyde, and cryopro- 
tected in sucrose gradient (20%-50%) at 4°C. Serial fro- 
zen paw sections (20 urn) were cut with a cryostat and 
thaw-mounted on gelatin-coated slides for processing. 

Western blotting 

The spinal cord was lysed in ice-cold RIPA buffer with a 
protease inhibitor cocktail (Sigma Aldrich, St. Louis, MO). 
Tissues were homogenized using a tissue homogenizer. 
Spinal cord samples were loaded into the 10% polyacryl- 
amide gels and then were electrotransferred onto a nitro- 
cellulose membrane. The membranes were blocked with 
10% non-fat dry milk in PBS with 0.3% Tween for 1 hour 



and then incubated overnight at 4°C with rabbit anti- 
TRPV1 antibody (1:500; Alomone Labs, Jerusalem, Israel), 
or GAPDH antibody (1:5000; Sigma Aldrich, St. Louis, 
MO) diluted in PBS. The membrane was then incubated 
in horseradish peroxidase-conjugated anti-rabbit IgG 
(1:5000; Santa Cruz Biotechnology, Dallas, TX) for 2 hours 
at room temperature. The antigen-antibody complexes 
were visualized using an enhanced chemiluminescence 
detection reagent (Bio-Rad Laboratories, Hercules, CA). 
Bands were scanned using a densitometer (GS-700; Bio- 
Rad Laboratories, Hercules, CA), and quantification was 
performed using NIH Image J software. 

Ki-67 labeling 

Paw sections were stained for Ki-67 (rabbit anti-Ki67, 
1:500; Abeam, Cambridge, MA), a nuclear protein emplo- 
yed to quantify proliferation. After incubation in the pri- 
mary antibody, sections were rinsed in PBS three times for 
10 min each, and then incubated in the Texas Red goat 
anti-rabbit secondary antibody (1:700; Jackson ImmunoR- 
esearch Laboratories, West Grove, PA) for 1 hour at room 
temperature. Image analysis was performed using NIH 
Image J software. The area of staining was outlined and 
pixel density within the selected area was then measured 
and divided by the total area. Data were collected from 5 
randomly selected sections from a minimum of 5 animals 
per treatment group. 

Statistical analysis 

The statistics software SigmaPlot for Windows (version 
11.0) was used to perform the statistical analysis. One- 
way ANOVA with a Tukey Multiple Comparisons post- 
hoc test was used to compare the experimental groups. 
Significance level was set at p < 0.05. Results were pre- 
sented as mean ± standard error (SE). 

Results 

SCC induced both mechanical allodynia and thermal 
hyperalgesia 

2 weeks following intrathecal injection, IB4-SAP treated 
mice exhibited similar baseline mechanical or thermal be- 
haviour compared to SAP treated mice (Figure 1A). After 
SCC inoculation, both SAP and IB4-SAP treated mice ex- 
hibited decreased paw withdrawal thresholds to mechanical 
stimulation compared to their pre-inoculation thresholds 
throughout the four week observation period (Figure 1A). 
Mice with SCC also demonstrated decreased thermal la- 
tency post-inoculation compared to their pre-inoculation 
baseline (Figure IB). 

IB4-SAP treatment reduced mechanical allodynia, but 
increased thermal hyperalgesia 

While both vehicle control mice and IB4-SAP treated mice 
developed mechanical allodynia following SCC inoculation 
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Figure 1 Nociceptive behavior in IB4-SAP and SAP treated SCC mice. A. Mechanical thresholds were decreased from baseline following 
SCC inoculation in both treatment groups (P < 0.001 for baseline vs. week 2 and week 4 in the IB4-SAP and SAP groups). IB4-SAP (N = 8) and 
SAP (N = 8) treated mice had similar mechanical thresholds at baseline and at post inoculation week 2. However, IB4-SAP significantly reduced 
SCC-induced mechanical allodynia compared to SAP treated mice at week 4 post inoculation (*, P < 0.05). While no difference in mechanical 
thresholds was found in IB4-SAP group between week 2 and week 4, mechanical thresholds were significantly reduced in SAP mice from week 
2 to week 4 {#, P < 0.001). B. Thermal latency was decreased from baseline following SCC inoculation (P < 0.001 for baseline vs. week 2 and week 
4 in the IB4-SAP and SAP groups). IB4-SAP and SAP treated mice had similar thermal latency at baseline and at week 2 post inoculation. 
IB4-SAP treatment significantly increased thermal hyperalgesia compared to SAP treated mice at week 4 post inoculation (*, P < 0.05). 



observed at post-inoculation week 2 to week 4, IB4-SAP 
treatment led to significant attenuation of mechanical al- 
lodynia at week 4, but not at week 2, compared to mice 
(Figure 1A). However, IB4-SAP treatment led to increased 
thermal hyperalgesia at week 4 post SCC inoculation, 
compared to the control SAP-treated group (Figure IB). 



SCC induced thermal hyperalgesia was mediated by TRPV1 

To determine whether TRPV1 contributed to thermal 
hyperalgesia induced by SCC inoculation and IB4-SAP 
treatment, we quantified nociceptive behavior after in- 
trathecal injection of capsaicin into IB4-SAP pre-treated 
mice during post SCC inoculation week 3. Capsaicin, a 
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neurotoxin that destroys central terminals of TRPV1(+) 
neurons [10], significantly reduced SCC-induced thermal 
hyperalgesia without affecting mechanical allodynia, at 
post SCC inoculation week 4 and 5 (i.e., one week and 
two weeks after capsaicin treatment) (Figure 2). Similarly, 
TRPV1 antagonism by intrathecal JNJ-17203212 at week 5 
in IB4-SAP treated mice with SCC also reversed thermal 
hyperalgesia with no effect on mechanical allodynia 
(Figure 2). To determine whether the thermal hyperalgesic 



effect was accompanied by increased expression of TRPV1 
we measured TPRV1 protein levels in the spinal cord. 
Western blotting showed that TRPV1 expression was in- 
creased in the spinal cord of mice with SCC compared to 
untreated, normal (naive) mice (Figure 3). TRPV1 protein 
expression was increased in mice with SCC that were 
treated with IB4-SAP versus those that were treated with 
control SAP, although this trend was not statistically sig- 
nificant (data not shown). The thermal hyperalgesic effect 
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Figure 2 Nociceptive behavior in IB4-SAP treated SCC mice injected with capsaicin and the TRPV1 antagonist (JNJ-17203212). Six mice 
were used in each group. All mice were treated with IB4-SAP 2 weeks before SCC inoculation. Capsaicin was injected intrathecally at week 3 post 
inoculation. JNJ-17203212 was injected intrathecally 30 min before the behavior measurement at week 5. A. No difference in mechanica 
thresholds was found among capsaicin, JNJ-17203212, or vehicle injected SCC mice throughout the observation time (5 weeks after SCC 
inoculation). All animals in the capsaicin, JNJ-17203212, and vehicle injected groups had reduced mechanical thresholds from baseline at week 2, 
week 4, and week 5 relative to baseline (P < 0.001 in all measurements). B. Capsaicin injection significantly reversed thermal hyperalgesia at weeks 
4 and 5, one and two weeks after capsaicin injection, respectively (*, P < 0.05; capsaicin vs. vehicle or JNJ-1 720321 2 at week 4; **, P < 0.01 
capsaicin vs. vehicle at week 5). JNJ-1 7203212 injection also reversed thermal hyperalgesia at week 5 (**, P < 0.01, JNJ-17203212 vs. vehicle). 
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Figure 3 Spinal TRPV1 protein was increased in cancer mice. 

TRPV1 protein expression was increased in the spinal cords of SCC 
mice (N = 6) at week 5 following SCC inoculation compared to naive 
mice (N = 5). Western blots were performed to isolate and measure 
TRPV1; GAPDH was used as the reference protein. **, P < 0.01. 



that was induced by SCC inoculation and exacerbated by 
IB4-SAP treatment, was therefore mediated by TRPV1. 

IB4(+) and TRPV1(+) neurons did not affect SCC 
proliferation 

We found that selective ablation of IB4(+) neurons with 
IB4-SAP treatment only affected SCC-induced nocicep- 
tion (i.e. decreased mechanical allodynia and increased 
thermal hyperalgesia compared to control), but not SCC 
proliferation. Paw volume measurements were not signifi- 
cantly different between mice with SCC treated with IB4- 
SAP and those treated with control SAP (Figure 4A); paw 
volume measurements were comparable to our previous 
report in mice inoculated with SCC [21]. Ablation of 
TRPV1(+) neurons also had no further effect on paw 
tumor volume in mice with SCC treated with IB4-SAP 
(Figure 4B). In histological sections of paw SCC, both IB4- 
SAP and SAP-treated mice had similar proportions of 
Ki-67-positive cells among D API-positive cells (Figure 5). 

Discussion 

The cancer microenvironment is densely innervated; how- 
ever, the specific sensory fiber types responsible for cancer 
pain are not known. Behavioral characterization of the 
peripheral neuronal subtypes responsible for cancer pain 
would lend itself to targeted pharmacologic management 
of cancer pain. Here, using a cancer pain mouse model we 
selectively ablated two separate populations of putative 
nociceptors innervating the cancer microenvironment and 
observed distinct behavioral changes. Selective ablation 
of each of these fiber types did not impact cancer 
proliferation. 

Our data suggest that IB4(+) and TRPV1(+) neurons 
have functionally distinct roles in cancer pain, at least in 
the level of mouse DRG and spinal cord, where few IB4(+) 
neurons overlap with TRPV1 [10,41], in contrast to rat 
DRG [14,42]. Scherrer et al., [10] show that IB4(+) and 
TRPV1(+) neurons exclusively express delta-opioid recep- 
tors (DOR) and mu-opioid receptors (MOR), respectively. 
In these mice intrathecal DOR agonists reduce mechan- 
ical allodynia, while MOR agonists reduce thermal 
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Figure 4 Paw volume was not different across SCC mice 
treatment groups. A. Paw volume was not different between SAP 
and IB4-SAP treated SCC mice (N = 6 in each group) at baseline or 
at week 4. B. Paw volume was not different among capsaicin, 
JNJ-17203212, or vehicle injected SCC mice at baseline or at week 
5. * P<0.05: **, P < 0.01. 



hyperalgesia [10]. Likewise, genetic ablation of IB4(+) 
neurons reduces mechanical hypersensitivity, but not 
thermal hypersensitivity. On the other hand, phar- 
maxcological ablation of TRPV1(+) neurons selectively 
abolishes thermal hypersensitivity without affecting 
mechanical hypersensitivity [12]. It should be noted, 
however, that there are studies suggesting that MOR 
and DOR are colocalized and do not mediate distinct 
pain behaviors [17,18,43]. In rats, IB4-SAP treatment af- 
fects both mechanical and thermal sensitivity [37,44], 
probably due to expression of TRPV1 on IB4(+) neu- 
rons in rats [14,42]. TRPV1 also has been shown to 
mediate both mechanical and thermal nociception in 
cancer models of rats and dogs [28,45,46]. Such differ- 
ences in IB4(+) and TRPV1(+) function may due to dif- 
ferences in species, experimental approaches, disease 
models, and behavioral assays. Therefore, additional 
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Figure 5 Ki-67 and 4 ,6-diamidino-2-phenylindole (DAPI) 
immunostaining in paw sections processed at weeks 5 
following SCC inoculation. A. An example of Ki-67 and DAPI 
staining in the paw section of IB4-SAP treated SCC mouse. B. An 
example of Ki-67 and DAPI staining in the paw section of SAP 
treated SCC mouse. C. Quantification of Ki-67-positive cells in total 
DAPI-positive cells showed no difference between IB4-SAP and SAP 
treated mice. Horizontal scale bar, 100 urn. 



studies are needed to determine whether our results are 
restricted to our specific cancer model and strain of 
mice. Moreover, we used athymic mice which lack cell 
mediated immunity. It is unknown whether nociceptive 
fibers differ in either function or neurochemical expres- 
sion in athymic mice compared to normal mice. 



Nevertheless, the role of IB4(+) neurons in mechanical 
hypersensitivity is demonstrated by a large body of evidence 
[5,22,39,44,47-49]. Using intrasciatic IB4-SAP injection, 
IB4(+) neurons have been shown to mediate mechanical 
sensitivity in normal conditions and after injury [37,44]. 
In contrast to peripheral IB4-SAP treatment, intrathecal 
IB4-SAP treatment did not seem to cause behaviour 
changes at the basal conditions in our model. Basal mech- 
anical hypoalgesia has not been shown in other studies 
using intrathecal IB4-SAP treatment in rats [39,40,47,48]. 
However, there is a clear evidence that IB4-SAP treatment 
reduces mechanical allodynia in animal models of neuro- 
pathic pain [39,44,47,48]. The role of IB4(+) neurons in 
cancer induced mechanical allodynia is just emerging. 
Mechanical allodynia is a cardinal, and often the initial, 
symptom in cancer patients [50-52]. Using a cancer pain 
mouse model that is produced by injecting SCC super- 
natant into the hind paw, we previously showed that 
extracellular secretions from the cancer, not growth of the 
cancer, directly produced mechanical allodynia [22]. SCC 
secretes neurturin, a neurotrophic factor of the GDNF 
family, which could activate and sensitize IB4(+) neurons 
to mechanical stimulation [22]. Mechanical transducers 
such as TRPA1 and P2X3, which are expressed on IB4(+) 
neurons, could also contribute to IB4(+) mediated mech- 
anical pain [6,41,53,54]. 

Ablation of IB4(+) neurons only partially reduced 
SCC-induced mechanical allodynia. This partial antino- 
ciceptive effect might be a result of incomplete destruc- 
tion of IB4(+) neurons by IB4-SAP treatment at the 
time of the nociceptive behavioral measurements. Previ- 
ous studies have reported that 55-100% of IB4(+) neurons 
are abolished by 21 days following IB4-SAP treatment 
[37,44,53,55]. Using the same approach as we did here, a 
more than 50% decrease in IB4 immunointensity was ob- 
served 2 weeks following IB4-SAP treatment in C57BL/6 
mice with no cancer [22]. In our study, cancer- induced 
mechanical allodynia was partially reduced, but not com- 
pletely abolished, on day 46 post IB4-SAP treatment; it is 
likely that IB4(+) fiber destruction is not complete in our 
cancer model. Indeed, our preliminary experiments using 
immunofiuorescent staining showed a 68% reduction of 
IB4(+) neurons in the DRGs of IB4-SAP treated mice 
compared to SAP-treated mice; similarly, a partial reduc- 
tion of IB4(+) fibers in the spinal cord of IB4-SAP treated 
mice is also observed (data not shown). In addition, a 
separate subtype of neurons (i.e. IB4(-)/NGF-responsive 
neurons) could contribute to the residual mechanical allo- 
dynia observed in our IB4-SAP treated cancer mice. We 
have previously showed that IB4(-)/NGF-responsive neu- 
rons mediated SCC supernatant induced mechanical allo- 
dynia [21,22]. This IB4(-)/NGF fiber population either 
does not express TRPV1 or TRPV1 does not mediate 
mechanical stimulation in these fibers, as we did not 
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observe a direct involvement of TRPV1 in SCC-induced 
mechanical hypersensitivity. 

The observed thermal hyperalgesia in mice with SCC 
could result from SCC-mediated secretion of algogenic 
agents such as NGF, ATP, and endothelin-1, which are 
known to cause thermal hyperalgesia [21,56], possibly 
through the TRPV1 receptor [57-61]. TRPVl-dependent 
thermal hyperalgesia is present in animal models of SCC 
[22,27,28,61] and bone cancer [62,63]. TRPV1 anta- 
gonism reduces cancer-induced thermal hyperalgesia in 
these models [62]. We also demonstrated the role of 
TRPV1 in SCC-induced thermal hyperalgesia in our 
model. Unexpectedly, IB4-SAP treatment enhanced ther- 
mal hyperalgesia in mice with SCC. This enhanced ther- 
mal hyperalgesic effect was not present until four weeks 
after IB4-SAP treatment, and was completely abolished 
with TRPV1 antagonism. This enhanced thermal hyper- 
algesia observed in IB4-SAP treated mice at post SCC 
inoculation week 4 could result from compensatory 
TRPV1(+) neuronal sprouting secondary to the loss of 
IB4(+) neurons in the spinal cord. Evidence supporting 
neuronal sprouting following IB4-SAP treatment has 
been equivocal. In rats there is no increase in sprouting 
of peptidergic IB4(-) neurons in dorsal root ganglion 
(DRG) or spinal cord following ablation of nonpepti- 
dergic IB4(+) neurons with IB4-SAP treatment during a 
30-day observation period [64]. On the other hand, a 
separate study in rats shows that IB4-SAP ablation of 
IB4(+) neurons in the mental nerve results in significant 
sprouting of parasympathetic fibers into the upper der- 
mis at week 3 following IB4-SAP treatment [55]. 

Compensatory sprouting of nerve fibers might explain 
why we did not observe an antiproliferative effect by abla- 
tion of either IB4(+) or both IB4(+) and TRPV1(+) neu- 
rons. Interaction between cancer cells and the nervous 
system leads to a reciprocal proliferative effect [30]. Can- 
cer cells, including prostate and pancreatic, can stimulate 
neurite outgrowth [65] . The nervous system especially the 
sympathetic nervous system contributes to cancer prolifer- 
ation, migration, invasion and metastasis [29,34,35,66]. 
Our finding that pharmacologic ablation of IB4(+) and 
TRPV1(+) subtypes did not lead to a decrease in proli- 
feration could be due to compensatory sprouting of 
autonomic or sensory neurons which maintains cancer 
proliferation. It has to be noted, however, that capsaicin 
or TRPV1 antagonists applied directly to oral SCC can 
exert an anti-proliferative effect by a mechanism that is 
independent of TRPV1 [67]. Another explanation for 
our findings is that our chemical ablation methods (e.g. 
IB4-SAP or capsaicin) only destroy central terminals of 
DRG neurons but leaves peripheral terminals in the 
vicinity of the tumor relatively intact and functional. 
Therefore, the role of efferent neuronal activity in can- 
cer proliferation remains inconclusive. 



Conclusions 

Our study demonstrated distinct roles of nonpeptidergic 
IB4(+) and peptidergic TRPV1(+) neurons in mediating 
cancer-induced nociception. We determined that TRPV1(+) 
neurons are involved exclusively in cancer-induced ther- 
mal hyperalgesia, but not mechanical allodynia in our 
mouse paw SCC model. Identification of subpopulation of 
neurons mediating SCC-induced pain is of clinical import- 
ance as mechanical pain is a primary symptom of oral 
SCC patients. Drug therapy targeting specific nociceptors 
could lead to more effective treatment of cancer-induced 
mechanical pain. 
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